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Abstract

Aims To assess if low occupational class was an independent predictor of Type 2 diabetes in men in Sweden over a
35-year follow-up, after adjustment for both conventional risk factors and psychological stress.

Methods A random population-based sample of 6874 men aged 47-56 years without a history of diabetes was divided
into five occupational classes and the men were followed from 1970 to 2008. Diabetes cases were identified through the
Swedish inpatient and death registers. Subdistribution hazard ratios (SHRs) and 95% ClIs from competing risk
regressions, cumulative incidence and conditional probabilities were calculated, after accounting for the risk of death
attributed to other causes.

Results A total of 907 (13%) men with diabetes were identified over 35 years with a median follow-up of 27.9 years. The
cumulative incidence of diabetes, when taking into account death as a competing event, was 11% in high officials, 12% in
intermediate non-manual employees, 14% in assistant non-manual employees, 14% in skilled workers, and 16% in
unskilled and semi-skilled workers. Men with unskilled and semi-skilled manual occupations had a significantly higher
risk of diabetes than high officials (reference) after adjustment for age, BMI, hypertension, smoking and physical activity
(SHR 1.39, 95% CI 1.08-1.78). Additional adjustment for self-reported psychological stress did not attenuate the results.

Conclusions A low occupational class suggests a greater risk of Type 2 diabetes, independently of conventional risk

factors and psychological stress.

Diabet. Med. 31; 674-680 (2014)

Introduction

The rapid rise of diabetes worldwide poses one of the major
public health challenges of the 21st century [1]. In the
Western world Type 2 diabetes disproportionately affects
people with lower socio-economic status (SES) [2-8]. The
traditional risk factors of diabetes, such as obesity, low
physical activity, unhealthy diet and smoking, are often
more prevalent in lower SES groups, particularly in high--
income countries, and these risk factors explain some of the
observed SES inequalities in people with diabetes [4,5,7,9].
Psychological stress is also known to increase the risk of
diabetes [10,11], for which possible mechanisms are alter-
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ations of the hypothalamic—pituitary—adrenal axis activity
leading to abdominal obesity [12], or which could be
mediated through unhealthy behaviours. Psychological
stressors have been shown to be reported more frequently
in lower SES groups [9], but most of the studies on the
relationship between SES and diabetes are not adjusted for
psychological stress [3]. Furthermore, the few studies that
have been conducted on SES and the risk of diabetes in
Swedish populations are limited because they were either
cross-sectional [9], were in women only [13], adjusted for
only a limited number of conventional risk factors, or had
short follow-up periods [14]. Knowledge of existing
inequalities in the risk of diabetes is important for directing
preventive actions and screening more effectively. The
present study aimed to assess if SES defined by occupation
was an independent predictor of Type 2 diabetes in men
over a 35-year follow-up period, while taking psychological
stress into account, as well as other known conventional
risk factors for diabetes.

© 2014 The Authors.
Diabetic Medicine published by John Wiley & Sons Ltd on behalf of Diabetes UK.
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What’s new?

« Studies with a follow-up of 15 years have shown that
Type 2 diabetes disproportionately affects people with
a lower socio-economic status.

* With the world’s aging population, it is important to
determine if risk factors persist into older age groups.

» In contrast to many other studies, we adjusted the
analysis, not only for conventional risk factors, but also
for psychological stress and competing risk of death.

e The present study shows that low occupational class at
mid-life remains an independent predictor for Type 2
diabetes after a 35-year follow-up.

Study population

The multifactor Primary Prevention Study was a popula-
tion-based cohort study of middle-aged men, established in
1970 in Gothenburg [15]. All men in Gothenburg born in
the period 1915-1925 (except for men born in 1923, who
took part in another study) were randomly divided into one
of three equally large groups consisting of ~10 000 men
each. Two of the groups were control groups and one group
was the intervention group. The present study is based on
data from the intervention group. Participants in the
intervention group were offered a medical examination to
identify and treat risk factors. The intervention criteria in
the study were antihypertensive treatment if systolic blood
pressure was > 175 mm Hg or if diastolic blood pressure
was >115 mm Hg, dietary advice if serum cholesterol levels
were > 260 mg per 100 ml (=6.8 mmol/1), and referral to
anti-smoking clinics for participants who smoked >15
cigarettes per day. Treatment was offered at specialist
clinics. At the follow-up after 12 years, there was no
difference in cardiovascular disease outcome or all-cause
mortality between the intervention and two control groups
[15]; therefore, despite the fact that the men took part in an
intervention study, the study cohort may be regarded as
representative of the general middle-aged male population of
Gothenburg during this period. All participants gave their
informed consent to participate in the study. The study was
approved by the Ethics Committee for Medical Research at the
University of Gothenburg, and complied with the Helsinki
Declaration principles.

Of the 10 004 men randomized to the intervention
group, 7494 of the men (75% of the sample) participated
in the baseline screening examination and completed a
postal questionnaire before this. Two of the questions in
the questionnaire were: ‘Has a physician ever told you that
you have had diabetes?” and ‘Have you ever had myocar-

© 2014 The Authors.
Diabetic Medicine published by John Wiley & Sons Ltd on behalf of Diabetes UK.

DIABETICMedicine

dial infarction/bleeding of the brain/thrombosis of the
brain?’. According to this self-report, 238 men had a
history of diabetes, myocardial infarction or stroke at
baseline, and were excluded from the study. Another 382
of the 7256 men could not be classified according to the
Swedish
Socio-Economic Index (described below), resulting in a
final total of 6874 men included in the present study. The
main reason for not having an Socio-Economic Index

socio-economic  classification ~ system,  the

classification was early retirement.

Occupational class

The participants were classified into the following five
occupational classes and coded according to the Swedish
socio-economic classification system [16]: (1) unskilled and
semi-skilled workers; (2) skilled workers; (3) foremen in
industrial production and assistant non-manual employees;
(4) intermediate non-manual employees; and (5) employed
and self-employed professionals, higher civil servants and
executives.

Other covariates

Information on smoking habits, physical activity, antihyper-
tensive treatment and self-perceived psychological stress was
collected from the postal questionnaire. Smoking status was
defined as non-smoker, former smoker of > 1 month’s
duration and current smoker. Physical activity during leisure
time was divided into sedentary, moderate and regular
exercise. Hypertension was defined as systolic blood pressure
>140 mm Hg or diastolic blood pressure =90 mm Hg, or
receiving antihypertensive medication. Self-perceived psy-
chological stress was assessed by a single question in the
questionnaire defining stress as feeling tense, irritable, filled
with anxiety or having sleeping difficulties as a result of
conditions at work or at home. The alternative responses
were on a six-point scale as follows: 1: never experienced
stress; 2: some period of stress ever; 3: some period of stress
in the past 5 years; 4: several periods of stress in the past 5
years; 5: permanent stress in the past year; and 6: permanent
stress over the past 5 years. The six-point scale was then
merged into three categories: no or little stress (scale point
1-2); periodic stress (scale points 3—4); and permanent stress
(scale points 5-6) [17]. The stress question was first
developed and used in the present study and has later been
used in large international studies (e.g. the INTERHEART
[18] and INTERSTROKE studies [19]).

At the baseline screening examination, weight was mea-
sured to the nearest 0.1 kg and height to the nearest 0.01 m.
BMI (weight in kg divided by measured height in m?) was
categorized as <25 (normal), 25-30 (overweight) and >30
kg/m? (obese). Blood pressure was measured using a mercury
manometer, with the subject seated after 4-5 min rest, and
was measured to the nearest 2 mmHg.
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The proportion of missing data was 5.7% (n =393) for the
psychological stress variable and <1.1% for all the other
covariates.

Diagnosis of diabetes

By using their unique personal identification numbers, the
men were followed from the date of their baseline examina-
tion until 31 December 2008, or until death. The Swedish
national register on cause of death and the Swedish hospital
discharge register were used to identify men diagnosed with
diabetes during follow-up. The hospital discharge register
has operated on a nationwide basis since 1987, but all
discharges from Gothenburg hospitals have been entered in
the national register since 1970 (except in 1976 owing to a
legislative change for that year). The International Classifi-
cation of Disease (ICD) codes listed on the registries were
used to identify diabetes cases during the follow-up period,
either as a principal or as a secondary diagnosis. ICD-8 was
in use from 1968 to 1986, ICD-9 from 1987 to 1996, and
ICD-10 from 1997 until the present. In the present study, the
following ICD codes were used to identify diagnosis of
diabetes: 250 (ICD-8), 250 (ICD-9), or E10-E14 (ICD-10).
ICD-8 and ICD-9 do not differentiate between Type 1 and
Type 2 diabetes. This procedure was reviewed and approved
by our institutional Ethics Committee.

Statistical analysis

The descriptive statistics at baseline are presented as
frequencies and percentages for categorical variables, or
mean value with standard deviation (sp) for continuous
variables. Trends in distribution of baseline characteristics
along the occupational classes were analysed using the
Cochran—Armitage trend test for categorical variables and
the aNova linear trend test for continuous variables. All
P values were two-sided and values <0.05 were considered to
indicate statistical significance. For each occupational class,
as well as for the whole study population, we calculated the
age-adjusted diabetes incidence rates per 100 000 per-
son-years. Time at risk was calculated from the baseline
examination between January 1970 and March 1973 to the
first hospitalization with a diagnosis of diabetes (as a
principal or secondary diagnosis), to death or to 31 Decem-
ber 2008. We used competing risk regression [20] to model
the risk for diabetes, with death as a competing event in
association with occupational class, controlling for potential
confounders. Subdistribution hazard ratios (SHRs) and
associated 95% Cls for diabetes were estimated for this
procedure. The highest occupational class (high officials) was
used as a reference. To account for the non-proportionality
of hazard ratios [21], these were time-averaged properly
according to Schemper et al. [22]. The first regression model
was adjusted for age only. The final model was adjusted for
age, BMI, hypertension, smoking, physical activity and
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psychological stress. A dummy variable was constructed for
the men with missing data on stress (5.7%, #=395) and
entered into the model. Curves displaying the cumulative
incidence of diabetes and death across occupational classes,
as well as curves displaying the conditional probability [23]
of diabetes in different occupational classes are shown
(estimated as conditional probability = cumulative incidence
of diabetes/1-cumulative incidence of death). All statistical
analyses were performed using sas software version 9.3 (SAS
institute, Cary, NC, USA) and Statistical package R version
3.00.

The mean age of the men at baseline was 51.6 + 2.3 years.
During a 35-year follow-up (median follow-up, 27.9 years),
907 (13%) of the 6874 men were diagnosed with diabetes
according to the Swedish hospital discharge register (874
cases) or the Swedish national register of cause of death (33
cases). The crude incidence of diagnosed diabetes was 506
cases per 100 000 person-years.

Baseline characteristics by different occupational classes
are shown in Table 1. The classic risk factors for diabetes
were more pronounced in the lower occupational classes as
expected. The men in these occupational classes had a
significantly higher BMI, were more obese, had a higher
blood pressure and rate of smoking, and a more sedentary
lifestyle than those in the higher occupational classes. The
men in the lower occupational classes also reported more
permanent stress than those in the higher occupational
classes.

Table 2 shows the SHRs from the competing risk regres-
sion models. There was a tendency of a higher risk of
diabetes in the lower occupational classes. The lowest
occupational class (unskilled and semiskilled workers) had
a significantly greater risk of diabetes with an age-adjusted
SHR of 1.48 (95% CI 1.16-1.89) compared with high
officials (reference). SHRs were attenuated in the multivar-
iable adjusted model after adjusting for conventional risk
factors for diabetes and psychological stress, but a signifi-
cantly higher risk was still observed in unskilled and
semiskilled workers (SHR 1.39; 95% CI 1.08-1.78). We
also estimated the multiple adjusted SHR, excluding psycho-
logical stress, and found that the SHR was still 1.39 (95% CI
1.09-1.78) for unskilled and semiskilled workers.

Figure 1 shows the cumulative incidence curves of diabetes
and mortality across the occupational classes. The cumula-
tive incidence of diabetes, when taking into account death as
a competing event, was 16% in unskilled and semiskilled
workers, 14% in skilled workers, 14% in assistant non-man-
ual employees, 12% in intermediate non-manual employees,
and 11% in high officials. Mortality among the men who
were not diagnosed with diabetes was inversely related to
occupational class, with unskilled and semiskilled workers
having the highest cumulative risk of death (65%) and men

© 2014 The Authors.
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Intermediate, Assistant Unskilled and
High officials, non-manual non-manual Skilled semiskilled
All, professionals,  employees, employees, workers, workers,

Characteristics N = 6874 n=793 n=1231 n = 1348 n=1871 n=1631 [P
Mean (sp) age, years, 51.6 (2.3) 51.6 (2.3) 51.5 (2.3) 51.5 (2.2) 51.7 (2.2) 51.5 (2.3) 0.40
Mean (sp) BMI, kg/m? 25.5 (3.2) 25.3 (3.0) 25.4 (3.1) 25.4 (3.1) 25.6 (3.1) 25.7 (3.4) 0.01
Obesity: BMI >30 kg/m?, 7.7 (532) 6.7 (53) 6.9 (85) 7.3 (99) 7.8 (146) 9.1 (149) 0.012

% (n)
Mean (sp) height, cm 175.7 (6.3) 178.0 (6.1) 176.7 (6.2) 175.9 (6.3) 174.5 (6.1) 174.8 (6.4) <0.001
Mean (sp) systolic blood 149 (22) 145 (21) 148 (21) 149 (22) 150 (22) 148 (22) <0.001

pressure, mmHg
Mean (sp) diastolic blood 95 (13) 93 (13) 94 (13) 95 (13) 95 (13) 94 (13) 0.022

pressure, mmHg
Hypertension, % (n) 70.0 (4802)  63.1 (500) 69.4 (854) 72.5 (976) 71.7 (1340)  69.7 (1132) 0.006
Current smokers, % () 50.1 (3444)  47.2 (374) 45.9 (5695) 49.8 (671) 51.1 (957) 53.8 (877) <0.001
Sedentary, % (1) 25.3 (1716)  20.1 (159) 18.4 (226) 22.8 (308) 28.4 (532) 30.1 (491) <0.001
Permanent stress’, % (1) 14.9 (966) 13.9 (110) 11.5 (141) 13.9 (187) 15.0 (281) 15.1 (247) 0.020

*#P value for trends in distribution of baseline characteristics. 'Self-perceived psychological stress category 3 = permanent stress.

with high official positions having the lowest risk (53%;
Fig. 1).

Figure 2 shows the conditional probability of diabetes
according to different occupational classes by taking death
attributable to other causes into account. The conditional
probability of diabetes was 43% for unskilled and semi-
skilled workers, 35% for skilled workers, 31% for assistant
non-manual employees, 26% for intermediate non-manual
employees, and 23% for high officials.

In the present study, low occupational class was a significant
predictor for diagnosed diabetes during a 35-year follow-up.
The higher risk of diabetes in the lowest occupational class
remained significant even after adjustment for several
well-known risk factors for diabetes. A tendency towards a
greater incidence among assistant non-manual employees
and skilled workers was observed, but this was not signif-
icant. These findings are consistent with other studies
[3,4,24], whereas other studies only found an association
with education and not occupation [5]. The present study
showed that there is inequality in the incidence of diabetes
between different occupational classes among Swedish men,
and this persists after a prolonged follow-up of 35 years. This
finding is consistent with the results from a cross-sectional
study [9] and a longitudinal study of women [13].

The most commonly used proxy for SES that has shown
the strongest association with incident diabetes is education
[3,25]. Even though education tends to lead to a higher
occupation and income, different indicators of SES reflect
different aspects of life, and they cannot be used inter-
changeably [26]. Occupation was the only indicator of SES in
the present study and we had no data on education. Because
most studies have reported a higher correlation for diabetes

© 2014 The Authors.
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with education than with occupation [3,25], we could
potentially have found a stronger association if SES had
been based on education instead.

An explanation for the greater risk of diabetes in lower SES
groups has been investigated in many studies. Conventional
risk factors account for a large part of this greater risk, with
approximately one third of the effect if measured at baseline
only [5] and up to ~50% if measured repeatedly [4].

Psychological stress is a known risk factor for diabetes
[10] and lower SES groups have been shown to report a
higher psychological burden [9]; therefore, stress and other
psychological factors have been suggested as an explanation
for the difference in risk of diabetes according to SES. Based
on data from the present study population we have
previously shown that permanent stress is independently
associated with a higher risk of Type 2 diabetes [17];
however, in the present study, we did not find that
psychological stress explained the difference in risk of
diabetes across the occupational classes. Even so, psycho-
logical factors are difficult to define and complex to
measure. In the present study, the measurement of stress
was based on one question, which might be perceived as a
crude measure; however, the same question was used in
large international studies (e.g. the INTERHEART [18] and
INTERSTROKE [19] studies), and it was found to be
associated with other measures representing various forms
of psychological stress across the ethnically diverse popu-
lation of the INTERHEART study [18], being strongly
correlated with other measures of stress including loss of
control, stressful life events and financial stress. The
INTERSTROKE study is the first large case—control study
of risk factors for stroke. The study, with participants from
22 countries, found a significant association between stress
and risk of all stroke across regions [19]. Although
assessment of stress was based on one item, collectively,
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Table 2 Age and multivariable-adjusted subdistribution hazard ratios and 95% Cls of the incidence of diabetes in different occupational classes over

a 35-year follow-up period

Diabetes cases Age adjusted ~ Multivariable

Number at  Diabetes Observation per 100 000 SHR adjusted* SHR

Occupational class risk cases, 1 years person-years (95% CI) (95% CI)

High officials, 793 88 22 485 391 Ref Ref
professionals

Intermediate, 1231 139 34 001 409 1.05 (0.80— 0.98 (0.75-1.29)
non-manual employees 1.37)

Assistant non-manual 1348 171 34 475 496 1.21 (0.92— 1.18 (0.90-1.54)
employees 1.58)

Skilled workers 1871 255 48 145 530 1.28 (1.01- 1.18 (0.93-1.51)

1.64)

Unskilled and 1631 254 40 278 630 1.48 (1.16— 1.39 (1.08-1.78)

semiskilled workers 1.89)

*Adjusted for age, BMI, hypertension, smoking, physical activity and self-perceived psychological stress. SHR, subdistribution hazard ratio.
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FIGURE 1 Cumulative incidence curves of diabetes and mortality across the occupational classes.

these results indicate the robustness of our measure of stress
and of the other related psychological components it may
comprise. Some studies have found that psychological
factors can explain some of the difference in diabetes
incidence between different SES groups [8], whereas others
have found an association only for men [24] or for women
[9]. Given the many different methods of measuring stress,
slightly divergent findings are not surprising. Psychological
stress related to SES could mediate its effect on diabetes
incidence through unhealthy behaviours and through raised
cortisol levels [12], but this was beyond the scope of the
present study.

Moderate alcohol consumption has been shown to reduce
the risk of Type 2 diabetes [27]. We did not adjust our
analysis for alcohol consumption. The only information on
alcohol in the present study was data on alcohol abuse from
official registers (Swedish Board of Social Welfare for
medical or legal problems attributed to alcohol). It is likely,
however, that the risk of being registered is also socially
patterned. Stringhini ef al. [4] found in their study that
alcohol had a negligible role in explaining the socio-eco-
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nomic difference in the risk of diabetes, so it seems unlikely
that adjustment for alcohol consumption would have
affected our estimates to any great extent.

Another potential explanation for the difference in diabe-
tes incidence, which was not assessed in the present study,
are early life factors. Prenatal or perinatal circumstances,
such as low birth weight and preterm birth, may lead to
insulin resistance and Type 2 diabetes later in life [28]. In the
present study, men in the higher occupational classes were
taller, similar to findings in other studies [29]. Height could
reflect nutritional status during childhood, which can affect
the risk of future diabetes [30]. We did not have any
information regarding childhood SES of the participants, but
because it is common for a child to adopt a similar SES to his/
her parents [31], a substantial proportion of men in the
higher occupational classes may also have had a high
childhood SES. Low childhood SES has been argued to be
responsible for some of the difference in diabetes incidence
observed with regard to adult SES [32], but the findings are
not consistent [33]. Physiological factors and dietary factors
not detected in studies might also explain some of the

© 2014 The Authors.
Diabetic Medicine published by John Wiley & Sons Ltd on behalf of Diabetes UK.
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FIGURE 2 Conditional probability of diabetes according to different occupational classes, taking death attributable to other causes into account.

remaining inequality in the risk of diabetes between different
SOCi0-economic status groups.

Strengths and limitations

The strengths of the present study include its large number of
unselected men from the general population, its prospective
longitudinal design, the extended follow-up, and the large
number of diabetes cases (907 cases, 13%). Nevertheless,
there are a number of limitations that must be considered. At
baseline screening, there were no measurements of blood
glucose or oral glucose tolerance test results. Type 2 diabetes
can exist asymptomatically in a person for several years,
therefore, some of the participants might have had unde-
tected diabetes at study entry. These putative cases might be
more frequent in lower occupational classes and could thus
partly constitute the observed higher incidence. Nevertheless,
the majority of diabetes cases were detected at least a decade
after the baseline examination (816/907, 90%), and it is
therefore unlikely that undiagnosed cases at baseline would
affect the significance of an increased risk of diabetes for
unskilled and semiskilled workers. We defined diabetes as a
discharge from hospital with the diagnosis of diabetes, or as
having a death certificate with the diagnosis of diabetes. Type
2 diabetes is often managed in primary healthcare, and
someone who never attended hospital would not be detected;
however, the majority of the men included in the study did
attend hospital at some point (6498/6874, 94.5%), and most
of them visited several times. We believe that most cases are
captured since diabetes influences many other health condi-
tions and therefore is likely to be registered at some point. At
the end of the study, 98.1% (6743/6874) of the men were
registered in one of the two registers. The absence of primary
care data most likely explains why we found a comparatively
low proportion of diabetes cases in the first 10 years
compared with other studies [4,5], and accordingly, a

© 2014 The Authors.
Diabetic Medicine published by John Wiley & Sons Ltd on behalf of Diabetes UK.

‘detection delay’. Older ICD versions (ICD-8 and ICD-9)
do not differentiate between Types 1 and 2 diabetes. After
middle age, the absolute majority of new diabetes cases are
Type 2 and we do not believe that this potential misclassi-
fication would have greatly affected our estimates, if at all.
Some covariates in the present study might be considered to
be somewhat crude, and our findings could have been
affected by residual confounders; however, other studies with
more accurate measurements of some variables (e.g. physical
activity with hours per week [4, 5]) still found an indepen-
dent association between SES and diabetes incidence. These
potential confounders are therefore unlikely to have affected
the significance of our findings. Finally, we only had baseline
information on all of the covariates. Many of the covariates
are time-dependent and fluctuations occur, so we might not
have included the total effect of covariates on the association
between occupational class and diabetes incidence.

In conclusion, the present cohort study in middle-aged
Swedish men shows that low occupational class is an
independent predictor of Type 2 diabetes. Conventional
diabetes risk factors explain the difference to some extent,
while additional adjustment for psychological stress does not
alter the results. Further longitudinal studies on SES and
incident diabetes with more refined measures of stress and
other psychosocial factors are advisable to determine the role
of these and other factors as mediators of the greater risk of
Type 2 diabetes related to lower SES in Western developed
countries.
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